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(54) CDMA RECEIVER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve performance by 
preventing interference to a multipath caused by a pilot 
signal by removing the pilot signal of multipath 
component, which causes the interference of base band 
received signal, by reconstituting it as prescribed and 
adding/subtracting that signal later. 

SOLUTION: A signal r0 of path 0 and a signal r1 of path 
1 in received decoding signals r(n) are respectively 
processed by an on-time selector circuit OTS and 
inputted to RAKE fingers 603 and 604 later. In this 
case, pilot reconstitution circuits 606 and 607 are 
reconstituting pilot signals through predicted 
attenuation, phase and path delay are respectively added 
to the fingers 603 and 604, the pilot signal from the 
path 0 is reconstituted, subtracted from the signal of 
path 1 by an adder 609 and removed. Similarly, the pilot 
signal reconstituted from the path 1 is subtracted from 
the signal of path 0 by an adder circuit 608 and removed 
and afterwards, the signals are respectively exactly 
demodulated by fingers 0 and 1 and bit-determined or 
processed by a viterbi decoder 605. 
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(57) [KM] 

V hMC«CDMAS««S:at#ri-5C 

^t-uy hC DM A«*4:$« USSfl1-5 C DMA§ 

<Os<s( a y h^r^/UtttiEJSU, (A) lflO/^^S: 
^LTgffllfcCDMA»^^7-i?ft*^i^V 
□ y t*^S:Aa!!)»ll?SdSffifflt5 (L-l) 
e<Dfa&ii&i±f£+&Lm<Os<xmm9th. (b) § 

8^5 *>oe^o«n»tc«t 9^fi8:$tcfc (l-i) m 

Ol&^fg-^Sr, «*#atwBB)gi-SCDMAfI*^(b« 
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(2) 



tefflW-l 0-327126 



4, m$k<DLm (Lli 2J£jl±G0^») W^fc^LTcTD 
fi*<ZW n o/ h^-^/U4 Z^U^i t-l/yhCDM 

(A) L fl£>'>'* (75 5 1 fitfV** £^ LTSII L 
fcCDMAfS^fcT*-*?^*/^^ d y b?-+* 

-(B) BBj**ff^a«wBBiiL*^{tii^ (L-l) <!gq 
^«W»^5*?^fi*co«n«twJ:!9^j6RSixfc (L 
-1) ffl*3|ft*{i**r, «**«fc«iii-SCDMA« 

r<5CDMA£ff$S c 

«wa* (b) «#^awu iwsEswjas^^ u y v 

1 i£«c(7> C DM Agftm, 

[M*o5 3] mia (L-i) 

ffiTE (B) Wit^afl, -*K^«BBteST*S«Js!iStlfe 

Sico^— p y hr^zL — u— ^o^tzlHM^ 

it*: - *tco«»«-c *5^t«:ff«tt5 »** 1 ESc 

ffJE^i^gcoA^d:, ie^->^2K/K7DM, 5feA-f6^ 
4Sr»«41-S»*3S2fE«tOCDMAS«« 0 

fi#3f 2E«WCDMA§:{t8£ 0 • 

4 £ 4 r 6 S§#JS 4 Ett<fc C D M A Sff fit 



5 w 4 £ &m 4 -r 5 if *m 3 eh$co c d m a s«t». 

— WOffiBBfttS $;h,fc'<>T n y HI *(73jS:»(OJB 1 
IS*S:l»ii-5 r 4 £#m4 -T 7 E«tO C DM 

Asia 

10 [Iff^3l9] (C) fdlO (L-l) 11<Z>«IH«ajf 

5 d - /^ 7 >f (RLP) &£tb\Z 

ft-tZZ 4 t i ^CDMA^II 

0] SffE (C) S»/affln-^*7-fvu* 
fix WR>f W*/u*jEt« (FIR) /U^Srffli^-c 
4Sr*ati-5»*3H9E*<7)CDMAS 

l 1 ] iltrE*ri8-f >/-nVp^^^ -f /u^ fi x 

20 /u y * r y » y/u&m ^ rua ^^5^4 4 

1-S»#JSl 0SE*OCDMAS«i, 

ifcfflo/us/ ^ 7 ^ ^-X/uSrfflt^rjiaSixS C 4 &- 
4#?3£ 4 f 6 It^Jg 9 ESc^ C D MA§is& 

3] (D) JiftSlxfc-r/^^rt^o 

ii^'7-(:^oT, (l-i) mco^m^co^^ 

C 4 frffltt 4 i- 5 1 ESc co C D MASfiSo 

Z> 1 E$W C D M A^ff^ 

4 * y biB^zm&i- ztz&biz (l-i) m<o^m^ 

tftE^iE^M p v K«*(0^5fett, #Lfi^«W^a 

5 Sfjfcil 1 EfiW C DM Ag^« Q 

40 [»#ai6] mE«*o«*^^*/ufi % o^ /u ^> 

E^(75CDMA^^t« 0 

7] ^>/^< it-Aoa-tu m$k<nm 

CDMA£ff}&o 

[**918] SfTE^ t — U> hCDMAftfll 

^a 4 -r 6 ia^)CDMA smffi 0 

[W*3Sl 9] CDMA'>^7AWi-t'^<7)-ffli 



% % 



(3) 



10-3 27126 



^itff»tt5 Sa#JR 1 EttW CDMA 
[IS*^2 0 ] CDMA->^fi.Wl*^CO-ail 

* W» t -5 1 SS<KW C DM A^ffftfc 

w t «rw« t Tznxm i e*w c DMA^m 

[»*JB2 2]- it, ifitaa. — ^—^^ 

/^ «»^Lfi (Lf42^±(^£fc) C0^*£^LT 10 
cofiS«(75/<-f p s/ h^-r-^/uiSr^tf^ t — i^V' hCD 

(A) LffliTV^fcWSO^lc&n^T* Lffl<ZV<* 
O 5 *> (75 1 fl§ <Z>/<* £ ^ U Tg« L ft C DMAK^ 

«*¥aiwJ: !>ffiffl£;h,S (L-l) fi«0|»»l*Sri 
fiRi'S^fy^i:, 20 

(b) Lfi<7>«*#ao**i;:4a^-c, geco^g^ 
aicBfligLfcWt&tf) (L-l) i^/^WiO 5 *><o 
S'JwHiott»|«jcj:5*ri£Sixfc (L-l.) fl£>Btofc 
fS*fe»*^ai^H5ii-5CDMAf&#^f5«|5i-5^ 
y 7 s t frb * 5 Z t t -f 5 C D M AgfS IScoK? 

[«*3J2 3] (L-l) fiOB*5fe«#^.l o*fcli 
«TE (L-l) fi<&|»^t*<0**(0«|frtu Btlig^— 30 

«. 

[ BI*3S 2 4] $ S ^ S $ 

tt. * (6) -C-^*.6ix5rt«r«H»fci-5Bl*«2 3 
fE®<£>CDMAg{f«S 0 

[0 0 0 1 ] 

+ ff*$MM*fi (C 40 

DMA) SfStttlwMu ^-fpy h^SftiaflfSrffi^ 
■ t= hMC-CDMA£«flKlwBfl-f£ 0 
[0 0 0 2 ] 

«F»*HM£ar*-ir* (cdma) a, 

ofc5 0 CDMAa-fll &t£Z>n-%~>—tr>x\z J: 
19 fife 0)3.— tfj&»feKgi]$jft,-0\5 0 CDMA«WS!7>f 
hV<>-K-Cfe6»WwJ:f9, ZWgflHJttt. RAKES 



[0 0 0 3 ] RAKE5«tt4= t-U> M:^t5 
- 9 5ftl*OCDMA->^7 l ^(7?4B'&[C*Dl^T(i, CCD 

[0 0 0 4] L?!»L, -^/^^^»tk^#ffii-^»^(^ 

[0 0 0 5] AVoy Mf*<i. ^^>y >^ff#co/^ 
^ (near-far effect) Id J: 9 . ^tCgffScO^-f-'O fcT 

So 

[0 0 0 6] 

hMC-CDMA5ttaift«t5rif*5„ 
[0 0 0 7] 

*>^hirgjES) -tO->^*^-^ — -{r^x (sign 
ature sequence) \Z X <o T^^$tVT^5 0 ZO{t$aii 

[0 0 0 8] ^(C^^cDCDMASitmfi, ^^(^L 
* (Lil2^±coS») (75/^^Lt§fILfcf^^ 

^■y^wuSr^-tf = t-u> hCDMAff^-^rgrflL^a^ 

[ 0 0 0 9 ] CDMAgff^lfi. Lfl^<^ttBl««r* 
L, *aB«liL*(7)^^(73rt l*^^^Sr^LTS« 
LfcCDMA(l*M7-^f t*/^/>V b y h^-r 
■*^*r^»JL, L<l§£D^g^|S: (subtracter means) (D 
:<^lo(rJ:|9ttfflSixS (L-l) iH(75|^«I^- 




(cancellation signals) & L fi£>$(^L^ 

15 14, ^^«W^aicB8igi-5CDMA«-§-^b (L- 

l) @<DQ£^m^ (ft&o (L-i) @<n'<*9im&(nw\ 

[0 0 10] mHWS! (pre-demodulation) <D&Mffl\t 
3b^Xf4, C<7) (L-l) flfl)|**{H§-f4, 

[0011] filfflSS! (post-accumulation) OHJg^J to 
lw*5^T(4, * (L-l) <i^|&3Hl-S§-du fiB8»T**Qf 

[0 0 12] *«WOfkfeWjta«tw*J^T(4, /Vo^/ 

fl-u-^/M^JCCT^"^, ^-^^ffl^tft^e,^. 20 
[0 0 13] 

[*W<o5!J6(0Jgffi] Hlirttl S-9 5ffltc^^.5>n 
f4, (tfy hl/-h, ^y/f/H/-h) 

— 0* j tk^^T-^lfWftiMl Oljtl 

0 1 k(C»||KS^T^S 0 ::Tltf$g (g = 6 4) 

itfflv^tit^^ n^&m&i 0 1 j 

ilOlk OtfcWtt, *D^-I§ 10 2 f*fX^-r n y hft# 30 

t^^nr, wa i s h -im^—aso K«**?g 
j£1-<5o (g-i) iof-^ft^/i^ (SW-^-r 
*/u*rg*fj ^-SdfU/BX^S (^*/ucai^>f4/< 

[0014] ;<DWa 1 s h KAHf- 

(4. u— h Rc 104-105 rt-esu 

[0 0 15] r^tetfc (Wa 1 s hfoWtt ~>3- h^- 

Mf*ll, 7t;C0'>^^Vnx~ Mf-S-J; 0 t> g=R c /R 

I ^-^r^/ui: q^^a- (QPSKM) 
K*tLTI4, ft*5>ffl»3W-3iPN'>— 5r>^ (PNI4 

14. r^-z^L — hj Rc ttW-f-So 
[0016] *2EW'>V d y h (Walsh ft-^14 
0T\ ^Ic+1T\ ^^-^-^(4^(^+1) ^x-*<f so 



4#p^i|i 1 0 - 3 2 7 1 2 6 

6 

[0 0 17] RF-i-ftSl 0 4 - 1 0 5^e>(^ttJ^<4, ^ 
tl^ftlF I R7-f/^ 1 0 6 t 1 0 7 X7^/U^#L31£ 
tL5u FIR7.-f/^ 1 0 6, 1 0 7cOtb^f4, *<W£ 

in (oict) ^ffi^T^Ml 0 8i: 1 0 9C«tt)7 

^7*n>v<- f. ^tu^o SEnssi 0 8, io 9<omfin 

1 OrtTje-g-S^T, T^rtl 1 l^LTiit'i 
[0 0 18] COSSUfflftKQPSK/CDMAW* 

(75 1 try h (4, ^*/u_h<7> 
^— hRc ^gfiO-f-y 7^*^*5, 
[0 0 1 9] #J;Lf4. I S- 9 5<7)iS<tjSJr*5^r*4, 
'<7>— *!4»:0>ii!>-(Nfe£ o R b =19. 2 kbps (kil 
obit per second) , R c = 1 . 2288Mcps (meg 
achip per second) , g=6 4 D 

[0020] B2it &mmx*$im znz c dmas^i 

ft L fc*§»«ttJft«»(4, JERK 202, 2 -0 3 Iw J: 9 
-ttb-Pix««|fflStfc«»c OS (toe t) ^ s i n (c^c 
t) ^r^^T^ 1 ^^^^/^— £ti,Z> 0 ff$>>=i>>/<— 
^W«flB*rKfTi-SffiB8 2 0 2, 2 0 3^^14, 

2 0 4, 2 0 5 icj: <9 7 << ^f&mztvx, ^/<y 

[0 0 2 1 ] ^(D^ -<D I ff^-<bQif^-f4. -T^^/U 
«*7"oirs/-^ (DSP) 2 0 9fiO»JWT"Cib^i-6C 
DMAR AKES«i2 0 8 1:4 9«f(tSn, igffigfc 
$ixT. tB^7-:Mf4§-2 l 0$r^j*r-5 e D S P 14. 
S*S^/^^^ric^S:iilW"rsSiJ>«r07^ >^l: J: 0 

[0 0 2 2] ✓May (pilot interference 

cancellation) £ff 5 *I8M(0 C D MAfil§7 -< > 

RAKE Sft»W»m:o^t »W 1 5. RAKE^ff 
14, ^/u^^««rtT-ff*Srg«-r50t:*a/ I t>^ 

si4i4, wawwfl-tTawi^ofyjrossffiiJB (cross- 

correlations) l4^^IC{g< s RAKE^«(i^|: 
(L^L^-fLt,gJgT(4^^) 

[ 0 0 2 3 ] RAKE SfSttt^^Ji4 % *0^tK^fE«$ 




( 



iiX\*^Z> 0 

1) "A Communication Technique for Multipath Channe 
Is" by R. Price and P.E. Green Jr.; Proceedings IR 
E. Vol. 46, Pages 555-570. March.1958 

2) "Introduction to Spread Spectrum Anti-multipath 
Technique and Their Applications to Urban Digital 
Radio" by G. L. Turin: Proceedings IEEE. Vol. 68, 
No. 3. Pages 328-353, March, 1980 

3) "Digital Communications" by J . G. Proakis; McCr 
aw-Hill, 1989 10 

[0 0 2 4] 0311, CDMAgfta^n s^0T*> 
5„ RAKEglsJ&il, -rji>?-s<xmm\z*s\,*x, 

<nm&$:^\m IT, CDMA'>^x^co)liI^rp]U > 

[0 0 2 5] T-f-u fcoim^ ( I ) t Qff # (Q) 
11* -ttu-t'ixA/D[H]K3 0U 3 0 2 T-rv^/uff-il- 
(wSRSttSo *y»»SleIK 3 0 3 tt, t^v^/WI 

*il^>f 5 *:CDMAS«»:4*S. H*P 20 

1SSIEIK3 0 3(1, DSP fla^-frT) frh<DD$P'< 

xzifrLx^m^tzm^mmTr-m^-fZo rssi 

(gff V^^f ^-*) 3 0 4^ 

[0 0 2 6 ] RAKE8ffil:*i^Ttt, »<@ 4 
11) 0«5(SB3— y h 3 0-5 - 3 0 8 

* at* t -es * 5 s NJ ✓ £ ^ U T PI* u fcg««# i 

«EBi"5o ^ix<b07-< >^f3 0 5 - 3 0 8liS*^(C 30 

«rttasftfc5, ^jx=s/ k 3 0 8*iSe>l^#JRo 
'M!tt31[e]KS:*rU ^nSrBaa^N'-f n y r^-^-r £ 

Ltfflt^:im -5' m i tc^ufcwa 1 s hfi-^ 

5) 0 

[0 0 2 7] /^py V-y—3-*74>#Z 0 8(1, * 

-ft7^y^3 0 8ll S^5liii:^f/^ 40 

3 0 5 - 3 0 7 irgSff i"-5 0 
[0 0 2 8] &mm%£<D7 j 5fcA Lfc^/U^v* 

[0 0 2 9] 0 4(1, 3t-I/yhCDMAWffl*S* 

-U>- hCDMA5<f»W I S-95RAKE7-fy 
#fl, 3ffl(73ffl^fflBB»S:«-L, ^^4 0 211/^ 
□ y ht^>fA«ttlffif, 4 0 3li^DyHffl/ so 



f' 

^HB^P 1 0- 3 2 7 1 2 6 

8 

iiffi^>1*tBfflT, 4 0 4 1*7*— * a- V**!' *<Z>ttttJffl-C 

;coMCJ; >3f -^MW4 0 4CJ:^i- 
Wa 1 s h^+*/U±(737 !f -^wa*ftt % iS?S£*Yb^ 
^Iffit*5 0 :fiBB8§4 0 2-4 0 40x-^LH^Il, * 
W«DS P/^^LTDS P 4 2 0 dffl^ £ix£ 0 

[0 0 3 0] I/QP N*.j*» 4 0 5 A*»**ffi 
g§^4 0 2-4 0 4{C^;L5 0 Wa 1 s hlSB»±^:»4 
0 6 11, Wa 1 sh^r-mti^4 0 4{:4 
^-5 0 WJffll]K4 0 7 4:* y a ^«14 0 8d£RA 

y^^M y^7i-7ig:4t5o 

[ 0 0 3 1 ] 9c(w«*t0«*450fi*fc^1- ll 
Tc # <9 co ^ y 7^^Pb1 
Rc =1/T C ^y^U— h, IS-95TI11. 2 
2 8 8M c p s 

Rb =R C /Nc t'yhU-F (BP*>. yy^u- 
h-) , I S-9 5 "CHI 9. 2kbps 
Nc (fy h) fcfc*)Ofy^», I S-9 

5 T'fi 6 4 

[ 0 0 3 2 ] A /^n^y-fy <0.=>— iFtRiE 

A ^I^^u£Q^^/u(::*tu "l^y^HIHro 

M»bixfc+^>^/uJft (^-—^— ^^^y 

ATi= • l/p) Tc y>fw<^l:» 

0-p- 

[0033] u = Ai + 5i f-y^^y^O/^0 
*l5 (to =0 fcflfre) 

L ^/^'^riMi-^Sfc ; >T yfy^^ll 1 = 0- L- 
5V** 1 t w ttT Z> n # g £75 > 4f/KD gff « -^-i ^ 
[0 0 3 4] p(i) W -7/U^/^^^l (C^-r^n# • 

sk(i) W I (a-— t?k) ffl^n#@ 

CD^V^/UCO^V-^yW^^^-^ — K (Walsh-cod 

e) r*-<^ h^mmnmm 
mi] 



t?(14^) 

[0 0 3 5] 
[»2] 




[»3] 

-ft. F[R-LP7>f/^M) £?#5fc£>^-^/u 

[0 0 3 6 ] y (i) <») /Uf^X/S^ 1 IZ#T 5 n # 
r 1 -* [i] =r [i] -f^y-fi,- is fl Rc -e^ 
[ft4] 

[0 0 3 7] %&tDg{E%£ 
B5C/Vpy h^^^^^ffl^SBBSS (H 4 go 4 0 
2) -r-^ lah^^-<ix«^4SH« (|4Oi:40 
4) oS*ft*«nSo»^fr^/^^^ja^^0<7?l!I 

^fi^iyp s/ * <t Lr^-f 0 H5 0 1-5 0 4 

-^5 0 1 -5 0 3, 5 0 7, 5 0 8li, t*— * 1 
[i] = r x [i] + r 1 [i] (H3*>-. 

[0038] mxm^i [i] ti. ^s/^-i^aoufc 

S^Q P S KD S/C DMA-<-^^y Kllf 

= h^O) t*4>5„ t^^-f Air^^^S 0 1 

5*)<Olo«rlfy^7ixm, {f#r(o> Ci] Sr» 
*»5 0 3^]T'^^[B]^5 0 2^hS:mLtzm^Z 
S-&-fbLfc->3 - h =3— K^PNy- p (i) (»> £ 

So 

[0 0 3 9 ] J£gS§5 0 3^(bC0{f^^±il!jCDT^^ 
■kL'— (1 ->^zK/H^i;5»a (accmnulatio 
n) ) ^b^ + */U^»Jffl[ (RISC) dS»ibtL5 0 ^-f 

^ 5 0 4 t jS«ft(c^ir*^JB>jr/u=f y XA7'd y ^ 
(Channel Estimation Algorithm Block (CAL) ) 5 

05i, H-&#«:E& 5 0 6 t *m-tZ>* 
[0 0 4 0] #£<7}^/U^^;M;:#^&^i^/H£J£ 

?£(0->>^tr^-r^^^^/^m^Ziyii, CAL50 
5(CJ; OefcSSiT,, ^£ LTCtDCAL 5 0 512, T*;* 



% 

(6) Wflfl^l 0-327126 

10 

Ksk(i) <»> CO (j. — f k(7)Wa l s h £I&5&-T 
TffliiK, BPVr-*tiB8«5 0 7 - 5 0 S tt~ 

(Milage 6 ^ffl***^ ir * /^iftMB * */ufi^f+ 
[0 0 4 1 ] ^b^51 011, J£g§£5 0 9^6^ 

S P ) 6 2 0 t L T*-t-g««<7Dtt^t»» ( \f* - tr 
[ 0 0 4 2] CAL^Py^ 5 0 5l:HLTIl 7"** 

IftS] 




[0 0 4 3] CAL7/U^!/XAO?lLfill 7x-^y 

««puneimtf*b^^^fe-e«>s. ca Lomai^sr 

ii^P^it5^ t^#^5<t> *:SIS^^fWJ 1 
[0 0 4 4] «T«ottM(c*j^Tli, ^^^-r^^S'J 

[0 0 4 5] r^aA^-^^ny^l-BBUTii. 

[0046] B4tose*wg««^a<j^r. ma^j: 
50 t/aii(o«iwi»*«igcopr^i^*:asw^^^ p ^ hi^^ 



11 

n * ^ 5 0 3 - 5 1 0 Sr&fclBW^s/ h 5 2 0 Srffl^ 
[0 0 4 7] EESr*.M-fbi"5fc*!>(w. 2 flcQy^-ff -5*- 

[0 0 4 8] ftrm^f^^^ 

^s/^-i^^^/uiT^fTSns. 10 

[0 0 4 9 ] H6lw*SSB^^>/<>rny (pub 
t Interference Cancellation (P IC) ) 

1 2CQ^£&fij LfcfI**g«U.*(Dfc»£««oa 

3#fB£>r4:) o 7^^6 0 3, 6 0 4H -t^tl 

ft*5^«*6 oiteo 2S:iWrsisufc^fe-caBii- 
S J: SIMM'S. 

[0 0 5 0 ] ^ cDg|ffi#j(D£<ff ^^fl^- r 00 £ 

-§-fi. ^a, ffi*@<f>, x^^iiB t co^T-^^oTV^ 
T? x /^l^'/fny Mf^£^* 0<0§{f 

[0 0 5 1 ] COCtS:%it-f5i:. 7^^6 0 3, 
6 0 4 ^IL"C/^ a V bWmf&lBl&6 0 6 , 6 0 7 
&*:tl^tl*:ti,t>V>7 4 ^#6 0 3, 6 0 4i^ii^JDL 30 
~C\ '^O^fb^M o y hfl*6 lit, 1 

ny h«*6 1 2 fc|?«/«1-£> 0 0 cog{f « 
trW tfcirW) li N Jrls# 4 J*± u ^ ^ [eJ3§ ( on 
-time selector circuit (OTS) ) lw J: 9 £ ~f $ 
tlX* ■tn'&^Ltc?^ V#6 0 3 Id J: flftkSSft 
Z>o /^lOSfffifrW t*5r") f*. f^C<^ 
>^-f Air u-^ ^[US§ (OTS) 6 0 2ICJ; 9 
S^T, -tO«ttjESixfe7^^6 0 4 CJ: 9&L31£ 

[0 0 5 2] /^Dy hSWdcSK 6 0 6, 6 0 7 fi N do 
hffiflt SD»(H]SS6 0 9rtT-^^ 1(75 

Stufc (SP*>l&££ti6) o 
ill^VTIl h^F*l»* («») li, «m 

[0 0 5 3 ] fflffizs** 1 A^5>l¥»J5tt^<>r a 3, HI 

i*. ADififi]i»6 0 8rtr^<^oW^e>«»*^-5 0 

tbtitzs<x 0 t^'* 1 com ^r^a* <bl--tix-P^ so 
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^^^ot^^^irtTjEfitl^maBSixSo ffti£L 
/c^tlH]^l(w, 7-f >-#o £ 1 T^ib^ti^l^i, t*J;i 
li*DSP 6 0 5^1T*tfT^^J:?/ ( Ct , 7h^ £>£ 

[0 0 5 4 ] A. -^y77j:tf5^pyhRi 
(rVr^ ^ A) 
El 7 n 5, hl»*fflt3;*^^-^*/^aiJ*'»»-t* 

[0 0 5 5 ] 1. *7-ry#nc»LT, £ft«*a>f> 

2. Li!icoSS^^fe§ffff^-£D#^|c^LT, teo 
( L — 1 ) fio^/u^<^«#tc J: 9 Zti1zs< 

[ 0 0 5 6 ] 817 11, r^*MKr«o-Cf^ffl-*-S»ri£«: 

#^-T5 0 i^Hli^^-rj: ^Ic^d y ^ 5 0 1^ - 5 0 
5' , 5 0 9' , 5 2 0' fi H >^o y # 5 0 1 - 5 0 

5, 509, 520 (Hst^t-) tmcmzz-tZo 

^0^^ 7 0 0 ^ 7 0 0' li, jE^kStufe (7 0 5 £ 
7 0 5' 1^:9) ff^it (5 0 4 - 5 0 5, 5 
04' -5 0 5' *ffl^T»<bttfc) 4rJBl^5giJfltfX'< 

[0 0 5 7 ] ay ^7^7^^ 7 0 0 ^ 7 0 0' (75 
✓^u^fijgtt, ^e^-pixR LP^ny^701i70 

RLP70U701' tt x gJEi^att^^s/^ 

^%itL4^i: t'y h^7-L — h (Bit Error Rate 
(BER) l:tiMni-5 0 RLP^M^KM 

[0 0 5 8]^oyh7^7^^701i701' ^ 
o y hff#S:f?«fiS;L-T^5W. ^^<y7 7 
703-704^703' - 704' IwJ:^. ^^seK/U 

[0 0 5 9] -^y^yflCib'^TRL PKJ; >9 

(Dii^s/ T'-tyT'/WR L PiiiiT", D=N/2 
T\ NfiRL P7-f/^^ o L-Cil^S 

2 " D 7 0 2 t 7 0 2' H -tix-f^uR L P 7 0 1 t 7 0 
l' £*Bflthr5 0 
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[0 0 GO] SM$R^Jli:LT, h^^^^^W^n 

KLT/J^W (w^LT. MM 7 0 6 - 7 0 8 t 7 0 
6' - 7 0 8' t UT^$^STEOfi-&>'< 3 /7 T cOJB 

[»6] 

z"\ A, = (max A,)- A, 

[0 0 6 1 ] X^J: SS«T#-5ta/r|i% 

t*lftl:S^y7r 7 0 6 - 7 0 8, 7 0 6' - 
7 0 8' li^S-Ctt*^ 0 r^Xdr 

ft C^»-&^y7rliBil?B*^Tfe-6 0 

[0 0 6 2 ] 0 (TV^V n <y Mf -^^V n y hx-f 

* 7 0 OftX'Wmf&Ztifc'lk, ^O/^n^MIf 
#4*D««7 1 1* fcaoAfctu ttlUg5 2 0' CUSfll 
»o«3B<OiKr[c^^ l coff £;h,£. y^p^ 

[0 0 6 3] EMRiw-><* 1 £>^V o y h«-i§-fit /^-T o 

7 1 lAztm^ht^s mm$&5 2 oi^isw^^Biwm 

7 0 0' ^RLP/D7^701' a*fc<D^</u*fijg 

wait mmzft, ^lt^5 0 3- 

[0 0 6 4] *»M(?5ffi<73||lfiffiJlw J;;h,lt x ^ =rt $ 

^fi'Jffl (7 0 0 <b 7 0 0' ft St^T* 

°irJ^ («H»5 2 0 t 5 2 0' lCj:-5) (CfctiMn?* 
££5 r^J: 5#*;te#J{£:feM^Tft #3BWii 

[0 0 6 5] 18, 9 |w(iBI 7Wf>ff^ * A«)^ ^ 
-r- h^r^-T. 128 (D^-r ^ + — Ht /< 

>tf;l"<y-? 7 (M, 7 0 3) It v-^/JOun <7D/*-f n 

;i«ri«LT^5 0 l^y7 7 7 0 6) (I J: 
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n -tr * o m t- » <b ft 5 . 

[0 0 6 6] HI 9 Kit /-W n j, FffiMi^ft^/^ 
Sr^-f". 77 i#L*i4£{igO#fl:it JiSS*- 

-ftl-ll (to =0>^f LT) S*«-e#5 0 
[0 0 6 7 ] ? ACDmt 

# •> ^^/u^ic^K^^^ 5 J: 5 ^c^tc B E R ±(z^ 
[0 0 6 8 ] U^^L. AWGN^^^/Hcjo^Tfi, 5^ 

[0 0 6 9] ^VD7Hft^l»^^|: v ^ 

frbfebti. ^ ti& I c j 4 X tnte&tii'p * ^ fc «) fc 
[0 0 7 0] H88tw(i^y^-^^^/Ki % 4f^lS 

^Dyh»i^Pt74#it fSt'y h^^S (RL 
P : 4 t'y h, T-^r/u- h^g ; 4 t'y h) -CtoT 

so 

[0 0 7 i] B-/<777^L(oiia;M (^^^^ 

^B) 

la i otwiimr<7)^^^/^S'M^^^5C ir^^ii 

5 0 wm<o^- K^iriift^T-SFtp, {tm#5 2 0 

sK/Un- l-<Ofcmzm\'^bti&7 J r*/i^9mi 0 0 1 

n s> h WH^gfi, EIB 10 10il010' T-fTh) 
thZ 0 jW»«7 11, 7 11' rtTtTtoixS. 

x-^-r^^Bli, SSf9 coyn s/^« x m*a£ L fc ^ p y ? 

[0 0 7 2 ] Hi licit ^03/ hffli!rtffll:ff* 

s^Bl?^ =: v^^^-f^v -^^ ^ B(D^-r ^ 

ffld5ftf^-r6 ('>y^n ( n - 2c7)^7fJMct^(C) „ 
so [0 0 7 3 ] 7*4 $ B^jib^ 
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[0 0 7 4 ] LrfnU fli«/u-^(c:(i*"a*BI9:WS(i* 

[0075] c — ^<y:7Tfr»r&«atawMt (tw 

f^^ C) . 

Hi 2 rtu ±!ETtftP^ L/c 2 o^m^^M^^/cm io 
/S«r*i- 0 £-f!flllc\ ^oyhffllUJICCALrt 
T*#b;ft,<5 (7 0 0 i: 7 0 0' l£J;6) *«r^^^*/u 
f-aSffiSr^S^s/^T (1P*>* 7 0 3 t 7 0 3' ) £ 

-tuTSB2tci, (in*>, io lot i 

0 10' ) Srffl^T, ^8*^>fDy hffll^ft 
^^»J*^tWo^ir*^l»^^fe*iI.«Sr»-5 ^ t^ 
T#£ 0 

[0 0 7 6 ] RligiC^i-J: 5 (^[Hl/u-yyn y^O 
10' 9 x 1 ^fcOtfttB^-f n y Kit 

ttDlf» 1 2 1 0 Srffl^T) 0 C0^>T o y h^*aS§ 20 

-^d 7^1010 CJ; 9 , o^&^ttfcb^V o 
v Mf*li* ttDJHSl 2 10' £/B^T) s<x l<D/< 
-fay h»jai»7 0 0' A^$ixSffi#d^«|fSn 

[0 0 7 7] ^pyhffllSl^t^BMtt 

T) tts ^^^^^A^tutafla-r^o iiu 

[0 0 7 8] T^T^^CgOBWE 

^ir^/^ayffltMoifti^ibfij^t^s^-^*^ 

— K!>air^aSS* ('>y#/WOy77iRLPfcffl^ 
fc»2cOx>V.n s> hWlSfiKSflfSt^y^u— h X-<omW 
T *> "5 ) £ IE s -fk-e # 5 (5 tWt 7t fc co -Ctt* 

40 

[0 0 7 9] «g»ftift5fc% 
C60«Bft*»*r*iiNTI^ ^o^h^ («») (i, 

[0 0 8 0] A-^^gg^|^^ (x ^ ^ D) 
WI»5fe^iZi3lNTtt, WAjflSl 3iiL*5l^Tf;t x 

htsfflatr [i] t^htmm 1 3 0 ort^f>^s 

n<5„ @1 3WAi:*i^tll SfcifcS: (ADW«130 1 

t 1 3 0 2 ) W$M$s (1 3 0 3 M 3 0 4) so 
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[0 0 8 1 ] mi 4rof-f7^^DI±, ^"V^^Airu 

5 0 1 t 5 0 1 ' , CAL[£]3gl410tl41 
0' ,. «H«5 2 0 t 5 2 0' i^Voy^r^ 

1 4 1 0 1 1 4 1 0' , aDSEi&i 4 2 0 t**rr5. 

ty^^fj^tU^^SO U50 1' t*SS^§§5 2 0, 
5 2 0' Oftf^JiSflifiLfciiOT-fca. 
[ 0 0 8 2] v^^Dfi. fH^ICg^ix (^o 
3/ h-r $ 1410tl410 / f*)T) , ^VzK/U 

hR b Tto^^r^/u^ayffi (%n«5 2 0 1 5 2 

0' tCALEUSSl 4 0 1 t 1 4 0 1' *>e><0) T-*K 
Sixfc (JH^S§ 1 4 0 2, 1403tl40 2', 14 

0 3') S»fiK/NV o y h«*Srffl^-5 0 1 4 0 

2 1 1 4 o 2' a>e>»e>;h,fc^ d * mi apx« 

1 4 2 1 t 1 4 2 1 ' rtTAD* £*IT, ^tlVtl 5 2 0 
t 5 2 0 / Oh77^^ (f*-*) «-J§-tfc*. 
«ftSL«l 4 0 3 t 1 4 0 3' ^<b»P>nfc^>f o h 
«**i*D»»l 4 2 2 t 1 4 2 2' [^fM^TW 

-pixawss 2 o 1 5 2 o' o^^^/i^auttiw/ji-So 
[0083] «j**^#anc*j*wa*tt. 
nmi&m ccal F^i-aifTto ^ ^ ^^astt fc^ 

lC-»#yW<y7T (W, U7CO7 0 3) tttJi-^^S 

ttfci*) , ^ros^tt^-t^/^ay**!!, atTv'^ 

/K^»fc?)*T-jBJE"*-5^<bT-fcSo ■z'^^^^DCOt?! 
jsSfi, I 7 y 7 7 $r^t 7 f ^ A i: ? 

ttLT^<ct\ 
[0 0 8 4] Hi 5C(i7>ff^^D(7)^^ ;y^ft 

Rb T-fiO»««cDig*rt: x ^T^-?^^B#Pfltt^fi-&r 

> -tLT-tOBfel^^flkafrcof-^^/^a'J 

[0 0 8 5] B-»a:SI»^ (xV^^^E) 

^r^iffl-fe^-r^/u^ayffi^^^T/^-r p y Ki*(7>i» 

-To 

[0 0 8 6] T^T-^Ett. ^->^-r^-tr i^^ ^ 5 0 
1 t 5 0 1 ' . CAL 1 4 0 1 t 1 4 0 1 ' , 
»5 2 0 t'5 2 0' , ^ni/h7^f^^l410t 
14 10' , ADS[Hl3§ 1 4 2 0, mn%s 1 4 0 2, 1 4 
03M 4 0 2' , 1 4 0 3' t&?TU wiXibcOfb^ 
(ittriitiLfcii<9 T*><5„ S (biw^Ac^^^^^ Eli. C 
A 1 6 0 1 t 1 6 0 1 ' t JRjH§£l 6 0 2 t 1 6 



(10) 
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0 2' tifi-u 1410M410' ^-r^/u^HM 

ffi^#JE#T$;ft,3 (refined) X 5 tcW, 1 |»5feaSrJi 

l»«0|»*^iD»lHlK 1 4 2 0 rtTfTWx6 0 
[0 0 8 7] f-ff^^EW^^;y^77lt Hi 

[0 0 8 8] ^E<Plbfl£ 

ofc cottar Tib 5. J:9 A»4^-r*yuT8y«*»S 
(El 2) rt-CJtai-5flD|i«L4i\ ^C03l& 

[0 0 8 9] E - 3 7 ^ ^tfm&iQW 
01 7lC(i N fttro^^TS'M (BP*), Ell O^y^ 

9 h 5««-eH 3 7 ^ >^W»ItO t © 

[0 0 9 0] RIP (#1 6 0 1) (i2fi^ta^*:*f 

w triSfcS^&^fcS. ^< IT, Wtlf/^ d ^ h 0 



18 



A[i]=sinc£c£)- 



(/^0) KJSI^TIi. 7 2 (y< 

* 1 , 2) eOiSBf^^ibCOy-?^ o y 7,f >^0CA 

1 0 (75 B T-KW L fc^ >< =r 9 $ t [§J-cOftff Sri" 5 B 
[0 0 9 1 ] ffffijan— (RLP) 
r*cSM*4>B#PdJTc (6i*0) 

[0 0 9 2] A-^/U^^t^ffigfife^^ 
818-2 0(1, ^/^✓>'*j5JE5$'£>*>f * y^:?-* 3/ 

^W*5fcn 7 .f/u* (RLP) Oi^SttSr^UT 
^5. -7/^/<^jS^0 y^/uft/V n y bit # 

tt. l^^y^^BBtt, T s =i .Tc/fltfiSU 

r C T- i lig$:T\ I /Qitm */7 h tt*£fiElH\ 

[0 0 9 3] 
[»7] 



[»8] 



= 0 

*0 (ISI- free) 



f2) 



n— ^^-^ffiftaoff (I S-9 5T-«o 0 ff *?0) T\ 

[0 0 9 4] (Hi 8lCtt. ^f^TTV^s,^*^ 
-T5ff#P [ i ] (Diss- K->— -^v**^-*-. 
0 1 9tC|i, *^4fflO-^-< Kn-^f>f^^ 
XK = t^V7-f/^ (Nyquist-raised cosine -filte 

[0 0 9 5] 0 2O(C(i, ^/u^^ja»0W^/U^fi 

/^^'*^oia[i-r£ 6 wf^iz-hwy 

-f=*r^ hU^X7^;!/^ (square-root Nyquist raised 
filter) ^ffffi-r5Sfi»rtW^^^fiJB^ y ^ K;7 
-f/^^ (Sfe, 3/l--h^t^ar7h^^XK7^/U 



[0 0 9 6] o y hfg#Srfl6^^/uf-/N-^^ 

J. 61) (7)ty^-fi;ty7 , /U-C\ h0^/U 
/Kifw^ (in between) (w^Ctli6i =^0 

, C l) lzj:ixtf/<-f ds/ h« 

^■0t73^Vu^S^|iS^ T -^5 o ■ 

[0 0 9 7] W$/$;n— /n^^^/U^c0F I RT*(OSI^ 

PfiKT'tao-C, Cl) W«»»^ji^AD||[S:jfifai- 

[0 0 9 8 ] 021 Kli, Wffij&v-^*? j'\"9 (R 
L P) I R^m^^-To F I R«»rt, aj . 6 =h 
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[ ( j - N/2) • P + 6 ] r% "tiimzmm r = P a 

+ 5 <7}#J&g|5# 6 (wfSfipLTt^o 6 = 0 II, 
a N/2.0 =c7)^.-C\ ftb^ftteifn kt£& 9 milTc 
Wffiftfljft (integer multiples) <7)j§.$£ IwOl ^T£>T 

[»9] 

p^[0=Z^-p u? [/-y] 

Ci] h=- K">--jr^^-C*>5 0 

[0 0 9 9] RLP^gl^f SfegHIffi 
1. ^ y^*«(Z/hS/jj«:N (4 2T£ 

l«APN->-^y7ii + i t- l ^<bco^3iUT 
3. ^Vu^fi^h [i] li, N/2 • pCom^tt-tZ 

[0 10 0] 4. Ifi^l/y^r yfT—'ftV (*LT 

(fractional delay) 6 = 0 • ■ p — 1 iCfi&o-Tfcib , ;ft£:£ 
9, WWttSrPJfflLT l/4«c:|8«)5>wi:ds-e#5« U 

LT^t>*N = 4 * y^T*. p =8 £ 4 try h^fO^ 
led:. XteMW'&Znm lste\,^Wr&\zte 5 

1 2 fc'y h T\ *t»t£S:fiJJB UTt^ldli 1 2 8 t:^ h 

[0 10 1] 5. FlR7-f/^l:j;!j»ASixfcfy 
^U-</UX-(Oii.^^(i v Dfir =N/2f 

RLP — (OXt!^ PN->— 4r>*fr8n«i-5 - ilZJfc 

f*)T-) . :w:i:n * ^ ^f+t^ajg^-f >^**£f5 
A^aPffloPNex— -$r^^Sr8i!3 tic J: 9 
i-^TX-#6 (0 2 1 > h xz&Mcoz t) 9 

[0 10 2] 6. 7^ ^^^!)SMt5 2fliJ^±0D 
^^fpy (^A^'<*J5S;# 1 . 2iw^t 

lt7iT7 h^2 l:^o-C7^y^0T'l2(DRLP^ 

^S<t-rSo R L P 7 -</u^co^ y yttzm&y <>( > 



( 

1#BB¥ l n - a 2 7 1 2 6 

20 

10 10 3] 

5 ^ ir * /^SlHtt^gf !7 — L # v MS ^vu 

■ 10 HI»5fe^BER?iJ,fifr3F^KlcJB>i5wi:iwnc 
[0 10 4] crogftofc*5>(c*.jW*^>f y«stt*S 

20 [0 10 5] *«Mofib(D«r«icj:^tf, 

M^^P (minimum mean-squared error criterion (MM 
SE) ) i*ig-ca>9, 

[0 10 6] 0 2 211. »3£3.= s, h 2 2 0 3I^J: 
30 «Six^f+iP«Ii9»x.«||g (2201, .2202) 

i"506(O^#^p I CT^T^^^^lMi^fl^r^ 

[«1 0] 

GT 

[0107] ^nj/Mlt /n'^ l O^JM'Sr^S'J ■ 

titX^^\ tinfcjOSlOftlt (0, 1, •» 
j , (Lr-i) ; j * 1 ^M^f-^ir v hT-^>5 0 

-^tt, TE*T'fc5 8 ) 

[0 10 8] &Ka$^5S2p£/H^T, TSEO^ + */U 
[ft 1 2] 

( a ) 

£!* ( b ) 



(12) 



VfffliW- 1 0 - 3 2 7 1 2 6 
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[»1 3] 

0tt»12 (a) ^^TSttJix, fct&^tf/HW 

[»ul 

[0 1 0 9] *tt«^-CTIE^»&^tt, ^>fyf22 10 
HSl 5] 

nyHliftl 2 (b) iffl^Tffl(|«jfn, &CD 
[»16] 

d;~*> - {1} 

WMi:»l5a^i:ii, ^>r^^2 2 0 3ii^ 20 

[0 1 10] B2 3I1 L=3^>f^^(7?RAKES'ff 
«O^m^fe«r^-*- 0 0 2 3 11, h 2 3 0 1 

tMyf2 2 0 2, 2 2 0 4*S#jDS*X3tH 1 7T*fc [St 1 9 1 



W 'U* (RLPF) tffl^T, nyHiO (L - 

[0111] FlixJl, /^OCSLTIl U2ffl 
o y hff-g- (1710' £17 10* rtT) SrP¥ 

«Djf«2 3 0 5 Srffl^T) o |SJ«(Cx<-f ^hOM 
(i. 2<Affi#j!i»t> (JD»«2 3 0 7 «rffl^r) ttK 
Six, u y h o t 2(1, l £>«-§-;&>ib 

2 3 0 6^1^) «*Sixa o 

[0112] >w y*mm<nwmm 

[»1 7] 
C»l 8 J 

[0 113] dOStttt, ^^S?tft5r t-Cfc 



(3) 



[»2 0] 



(3) ^:ro*ffl|JSrffffii-5t^ &£>J;5f;:fc*. 
[»2 1 ] 



/-o /-o ) I W-o J J 

= 2 ^f>/(C,) - yj}- IX2£[(>,(C,) -*,&C G ,) - J,) 



=1^0,(0) 

/-ft 



[0 1 14] frtD^tfc (variance) ii v ^tfccTDfpT-fc £ [S»2 2] 

6} m) = argmin Par[y l w (G l w )] ' " <V"' L ~ 1 



MMSE-fey Ml, 5t (5) X-mZtlZ. [»2 3] 



(4) 



(5) 



50 
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[0 115] mmni-r^si"*? > — * cj <") tt^FWT- 

[»2 4] 



(13) 



famW-l 0- 3 2 7 1 2 6 
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IE5C (a) 
2 5 ] 



[»2 6) 



y*' 



(6) 



(a) 
(b) 



I 0 1 16] oy hj <Z5|»*03*Stt. ^JSt5f 

[»2 7] 

ttl*MSESrfiT$i3:5. 
[0 117] *tl&ft\Zs<V-&mi-€Z&&lz^ # 

[0 118] »1 7 5£tt. TEX- 

1 



[ft2 8] 

(5) ^/cli (6) ^J:^tfB=$n*i\ *03SSii^ 
^oyHit 7^y^07i^|j:»±^i^ 

[0 119] hco^ra^i — jfcjfcr-fc 

[R2 9] 

G 0 *" * (2) , dr - <0,2> , <7» = {0} 

[»3 o] 

G (-> = {0,2) 

[tt3 1] 

^ 1 Jf.G w )a/ar^ w ^ W ) 

[»3 2] 



2>o>-2,c<*- 2 >) + 

(7) 



2a 2 



[0 12 0] C N (I S-9 5 TUN 
= 6 4) T\ KttfSttr-^/raSS^Y^/KTDjS:, 2 a 

*B"Cfc6 0 v-^^/u^l^ (n-2) ^^co^-^^/^SiJ 



ffiSrt^rfOufyjBJ (n-1) frt><D&lRk<n s fv*/W<7 

is. 

1*3 3] 



iV 



2a 3 
'4 



(8) 



[0 12 1] S-v'^^urflBSI-iS^T^-fey h»l 0 #5 0 
it (1 = 0 ••• L — 1 ) 12* ftO^fy^ffl^tftSf so • it (8) Srffl^T 1 = 0-L- 1 lw*tU TIE^Y* 



(14) 
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[»3 4] 

(6) Srffl^T»10 5£ (l=0-L-l) 

[0122] J^_Li$-<7t X o p y hTS^^&fcb 

RAKE«ffi«<Dffl;7j*«tftT£-5 0 s/^dfct- 
'I'S&S/i'— /Hi, I (l=o---L-l) <7)^-r^ 

l) ficoRAKE7-fV^A*^f>l»*L*»tix*i>iib 
[0123] 

[*W<Z>3b*] *«WWCDMAS«att, Walsh 
<C«l^*0«F*»^J*CDMAiSft«fc CDMAgff 

'« (ssruK^ray <Dmmzm^z>zbi>x~%z> 0 

[0 1 ] *«§B9»fts&KW-*-* C DMA ilffl" y >^ (7? 

i^f§§£^1-0 

[H2] SBfi-ettfflStlSCDMASfiloyBy^ 30 

0 

[IS 3] CDMA$««(?)^Py^a 

[H4] = fc-l^^ hCDMACOtS3fcftflf^d^5>>f 

[El 5 ] ✓<^T P * ht^-fAiz-^ 1 ^V^-T A CO 
ffl'&flBMS (complex correlator) ^Safctt&MIJMitf) 

[16] 27^ y#W3 t - i/y h CDMASffl»i:i 
fflSn5*«^^Ds/ hi&^^n ^0 
[17] *55Mlcj:6«f«WI»^*(?3!BlS!Jfi^J (x-f 40 

[0 8] C/>#/u*-f * v^tcBflu l«AVDyh 
[0 10] ^ y 7 7 L4^S«ltt»4 iffl^fc7 

^7^^B^itn 
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